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(54) Data communication using combinations of lines 



(57) A signalling system utilising three or more con- 
ductors to convey symbols between an encoder and a 
decoder is disclosed. For each symbol a forward current 
or signal is transmitted down one of the wires and a re- 
verse current is transmitted down one of the others. The 
other wires are held having no signal transmitted on 
them. The symbols are distinguished by which two con- 



ductors have signals on them and by the sense of those 
signals. The system may be used to transmit data in the 
form of binary bits by taking a set of n binary bits and 
converting them to one of 2 A n of the available symbols. 
The number of symbols available is generally not an ex- 
act power of two and spare symbols are used to convey 
other information along the wires, for example, that no 
valid data is being transmitted at the present time. 
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Description 

[0001] This invention relates generally to data trans- 
mission and data encoding, and more particularly to the 
transmission of encoded data symbols transmitted as 5 
differential signals. 

[0002] A block diagram of a known differential data 
transmission system, known as the Low Voltage Differ- 
ential Swing (LVDS) system, is shown in Figure 1. That 
system includes a differential transmitter 1 and a differ- 
ential receiver 2. First and second outputs of the differ- 
ential transmitter 1 place voltage signals on to conduc- 
tors 3 and 4 respectively, the potential difference be- 
tween conductors 3 and 4 inducing a current to flow 
through a 100 ohm load comprising two 50 ohm resis- 
tors 7 and 8. A first terminal of resistor 7 is connected 
to conductor 3, a second terminal of resistor 7 is con- 
nected to a first terminal of resistor 8 and a second ter- 
minal of resistor 8 is connected to the second conductor 
4. The first and second resistors 7 and 8 meet at a node 
9 held at 1 .2 volts. That voltage is the common mode 
voltage level in the LVDS system. 
[0003] The voltage on one of conductors 3 and 4 is 
set at 1 .4 volts and the voltage on the other is set at 1 .0 
volts so that the conductors are at the common mode 
voltage level plus or minus 0.2 volts. Thus, a current of 
4mA (0.4 volts / 1 00 ohms) flows through resistors 7 and 
8. The sense of flow of that current represents the sym- 
bol for transmission. 

[0004] The signals on conductors 3 and 4 are trans- 
mitted over transmission lines 1 0 and 1 1 ; the conductors 
at the receiver end being labelled 5 and 6 (conductor 5 
being coupled to conductor 3 and conductor 6 being 
coupled to conductor 4). Conductors 5 and 6 are termi- 
nated by a 100 ohm load, that load comprising two 50 
ohm resistors 12 and 13. A first terminal of resistor 12 
is connected to conductor 5, a second terminal of resis- 
tor 12 is connected to a first terminal of resistor 13 and 
a second terminal of resistor 1 3 is connected to the sec- 
ond conductor 6. The voltages on the conductors 5 and 

6 are 1 .4 V and 1 .0 V (or vice-versa) and induce a cur- 
rent of 4mA through those resistors. The sense of cur- 
rent flow represents the symbol transmitted and it is that 
sense that the receiver 2 is arranged to detect. 
[0005] The system of Figure 1 is also shown in Figure 
2 but with details of an implementation of the transmitter 
1; circuit elements and connections corresponding to 
those of Figure 1 having the same reference numerals. 
The transmitter 1 of Figure 2 comprises a 8mA current 
source 14 coupled to the sources of PMOS transistors 
1 5 and 1 6, the drains of the PMOS transistors being con- 
nected to the drains of NMOS transistors 17 and 18 re- 
spectively. The sources of NMOS transistors 17 and 18 
are coupled to a second 8mA current source 1 9. The 
drains of transistors 1 5 and 1 7 are also connected to the 
first terminal of resistor 7, the second terminal of resistor 

7 is connected to the first terminal of resistor 8 and the 
second terminal of resistor 8 is connected to the drains 



of transistors 16 and 18. The gate inputs of transistors 
1 5 and 1 7 are coupled to a first input 20. The gate inputs 
of transistors 16 and 18 are coupled to a second input 
21. The drains of transistors 15 and 17 and the first ter- 
minal of resistor 7 are coupled to the first output con- 
ductor 3. The drains of transistors 16 and 18 and the 
second terminal of resistor 8 are coupled to the second 
output conductor 4. For ease of analysing the transmit- 
ter circuit, the resistors 12,13 terminating the far end of 
the transmission lines 10,11 are also shown in Figure 2. 
[0006] Transistors 15to18and current source 1 4 and 
sink 19 form a differential amplifier with inputs 20 and 
21 and outputs 3 and 4. The mid-point 9 of the 100 ohm 
load of the differential amplifier is held at 1.2 V, as in 
Figure 1. 

[0007] With the input 21 high and the input 20 low (for 
example a logic 1 and a logic 0 respectively), transistors 
15 and 18 are on and transistors 16 and 17 are off. A 
current therefore flows from current source 1 4 to current 
sink 19 via transistors 15 and 18, through loads 7 and 
8. Similarly, a current flows through the terminating load 
comprising resistors 1 2 and 1 3. Since the loads are both 
100 ohms, the 8mA is split, with 4mA flowing through 
loads 7 and 8 and 4mA flowing through loads 12 and 
1 3. Thus there is a 0.4V drop across resistors 7 and 8 
so that conductors 3 and 5 are at 1 .4V and conductors 
4 and 6 are at 1 .0V. 

[0008] The 100 ohm differential termination of the 
transmitted signal has a number of advantages, in ad- 
dition to providing the appropriate termination for the 
transmission line. For example, the transmitted signal 
does not rely on the power supply level at the receiver. 
Thus supply rail differences do not induce any common 
mode current flows. 

[0009] As bandwidth requirements for data transmis- 
sion systems increase, there is a growing demand for 
transmitting parallel data at high speeds. The use of the 
system of Figure 1 and 2 for such parallel data trans- 
mission (i.e. using several such systems in parallel) has 
a number of disadvantages. The pin count is high as 
each differential connection (i.e. each bit of data) re- 
quires two pins. The resistors at the receiver end con- 
sume the same amount of power as the corresponding 
resistors at the transmitter end, so the power consump- 
tion in both the transmitter and the receiver is high. The 
provision of control signals requires further signal lines 
adding further to the pin count and power overheads. 
[0010] It is an object of the present invention to solve 
or mitigate some or all of the above-mentioned prob- 
lems. 

[0011] The present invention provides a signal for 
transmitting symbols on a set of at least three parallel 
channels, the signal comprising for each symbol an ac- 
tive signal on each of two of those channels and an in- 
active signal on the remaining channel or channels, the 
symbols being distinguishable by which two of the chan- 
nels have the active signals. Preferably, the two active 
signals are of different form, allowing them to be distin- 
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guished from each other, the symbols being further dis- 
tinguishable thereby. 

[0012] In one embodiment, one of the active signals 
is an electrical signal at a first voltage level and the other 
an electrical signal at a second voltage level. The inac- 
tive signal or signals may be an electrical signal at a 
voltage level intermediate to the first and second voltage 
levels, for example at a voltage level substantially half- 
way between the first and second voltage levels. 
[001 3] In an alternative embodiment, one of the active 
signals is provided as a current of a first sense and the 
other active signal as a current of a second sense, the 
first and second sense being opposite to each other. The 
inactive signal may have a current that is substantially 
zero. 

[0014] The present invention also provides a method 
of transmitting data comprising encoding it as a series 
of symbols using the signal of the invention. 
[0015] The present invention also provides an encod- 
er for transmitting data symbols from a set of at least 
three terminals, the encoder being arranged to provide 
for each of the symbols an active signal on two of the 
terminals of the set while providing an inactive signal on 
the remaining terminal or terminals of the set. Prefera- 
bly, the encoder is arranged to provide the two active 
signals in different form allowing them to be distin- 
guished from each other. 

[0016] In one embodiment, the encoder is arranged 
to provide one of the active signals as an electrical signal 
at a first voltage level and the other active signal as an 
electrical signal at a second different voltage level. The 
encoder may be arranged to provide the inactive signal 
or signals as an electrical signal at a voltage level inter- 
mediate to the first and second voltage levels of the ac- 
tive signals, for example at a voltage level substantially 
half-way between the first and second voltage levels. 
[0017] In an alternative embodiment, the encoder is 
arranged to provide one of the active signals as current 
of a first sense and the other active signal as a current 
of a second sense, the first and second senses being 
opposite to one another. The inactive signal or signals 
may be provided by not actively providing a current sig- 
nal on the remaining terminal or terminals. 
[0018] The encoder may comprise first and second 
sets of switches, one switch from each of the first and 
second sets being connected to a respective one of the 
terminals, the encoder being arranged to activate a se- 
lected one of the first set of switches in order to provide 
one of the active signals on the terminal to which that 
switch is connected and the encoder arranged to acti- 
vate a selected one of the second set of switches in or- 
der to provide the other active signal on a terminal to 
which that switch is connected. The remaining switches 
may be inactive in order to provide an inactive signal on 
the or each remaining terminal. Each switch in the first 
set of switches may be coupled to a first voltage level 
and each switch in the second set of switches may be 
coupled to a second voltage level. Each switch in the 



first set of switches may be coupled to a first current 
source and each switch in the second set of switches 
may be coupled to a second current source. Each ter- 
minal of the encoder may be coupled, via a resistor, to 

5 a common node and that common node may be at a/the 
voltage level intermediate to the voltage levels on the 
terminals carrying the first and second active signals. 
[0019] The present invention further provides a de- 
coder for receiving data symbols presented at a set of 

10 at least three terminals, the decoder being arranged to 
detect which two of the terminals have an active signal 
and to identify in response which symbol is being re- 
ceived. 

[0020] Preferably, the decoder is further arranged to 
15 detect which of the two active signals is of a first form 
and which is of a second form, and to use that informa- 
tion in said identification of the symbol received. 
[0021 ] The decoder may be arranged to detect which 
of said terminals is at a first active voltage level and 
20 which of said terminals is at a second active voltage, 
that information being used in said identification of the 
symbol received. 

The decoder may be arranged to compare the voltage 
levels on the terminals with a reference voltage. 
25 [0022] The decoder may also comprise: 

a first receiver sub-circuit; 
a second receiver sub-circuit; 
a data decoder; 
30 a data output, 

wherein: 

the first receiver sub-circuit has a respective switch- 
35 ing element for each of the said terminals controlled 
by the signal on that terminal providing a respective 
output, each output of the first receiver sub-circuit 
indicating when the terminal controlling the switch- 
ing element is at a first voltage level; 
40 the second receiver sub-circuit has a respective 
switching element for each of the said terminals 
controlled by the signal on that terminal providing a 
respective output, each output of the second receiv- 
er sub-circuit indicting when the terminal controlling 
45 the switching element is at a second voltage level; 
and 

the output of the first and second receiver sub-cir- 
cuits are coupled to inputs of the data decoder, the 
data decoder is arranged to determine the data 
50 symbol transmitted in response to which outputs of 
the first and second receiver sub-circuits indicate 
the presence of the first and second voltage levels 
and to indicate that data symbol at the data output. 

55 [0023] The decoder may be arranged to detect said 
first and second active voltage levels by comparing volt- 
age levels on the terminals with each other, the terminal 
with the first active voltage level being identified as the 
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one with the highest voltage and the terminal with the 
second active voltage level being identified as the one 
with the lowest voltage. 

[0024] The decoder may be arranged to detect which 
of the terminals is receiving a current in a first sense and 
which is receiving a current in the opposite sense, that 
information being used in said identification of the sym- 
bol received. 

[0025] The invention further provides a system com- 
prising an encoder and a decoder, each as set out 
above, the particular features of the encoder of the sys- 
tem being selected so that the encoder and decoder co- 
operate to transfer data between them. 
[0026] An embodiment of the present invention will 
now be described with reference to the accompanying 
drawings. 

Figure 1 is a block diagram of a known differential da- 
ta transmission system; 

Figure 2 is a circuit diagram of a transmitter suitable 
for the system of Figure 1 ; 

Figure 3 is a representation of the symbols transmit- 
ted by the system of Figures 1 and 2; 

Figure 4 is a representation of the symbols transmit- 
ted by a 3-path system in accordance with 
the present invention; 

Figure 5 is a representation of the symbols transmit- 
ted by a 4-path system in accordance with 
the present invention; 

Figure 6 is a circuit schematic of a transmitter in ac- 
cordance with the present invention; 

Figure 7 shows example waveforms at the outputs of 
the circuit of Figure 6; and 

Figure 8 is a circuit schematic of a receiver in accord- 
ance with the present invention. 

[0027] Figure 3 shows a representation of the data 
symbols that can be transmitted using the system of Fig- 
ures 1 and 2. Figure 3 shows resistors 22 and 23 (cor- 
responding to resistors 1 2 and 1 3 of the receiver of Fig- 
ures 1 and 2) connected in series between a node P1 
and a node P2 which would be respectively connected 
to the conductors from the transmitter. A first data sym- 
bol is represented by a current flow from node P1 to 
node P2: a second data symbol is represented by a cur- 
rent flow from node P2 to node P1. 
[0028] The present invention extends the transmis- 
sion of symbols by adding a third resistor, as shown in 
Figure 4. Figure 4 shows resistors 22, 23 and 24 with a 
first terminal connected to nodes P1 , P2 and P3 respec- 
tively and each having a second terminal connected to 
a common node Z. Figure 4 shows the six symbols that 
can be transmitted using that configuration of resistors, 
namely: a current flow from node P1 to node P2 via re- 
sistors 22 and 23; a current flow from node P1 to node 
P3 via resistors 22 and 24; a current flow from node P2 
to node P3 via resistors 23 and 24; a current flow from 
node P2 to node P1 via resistors 23 and 22; a current 



flow from node P3 to node P1 via resistors 24 and 22; 
and a current flow from node P3 to node P2 via resistors 
24 and 23. 

[0029] A fourth resistor 25 may be added coupled be- 

5 tween a node P4 and the common node Z, as shown in 
Figure 5, a further six symbols can be transmitted i.e. 
current flows from node P4 to each of nodes P1 , P2 and 
P3, and current flows, in the opposite sense, from each 
of nodes P1, P2 and P3 to node P4. Further resistors 

10 may be added. 

[0030] In preferred embodiments of the invention a 
set of resistors is employed at the transmitter and re- 
ceiver in the manner of Figures 1 and 2 with each of the 
nodes connected to the respective transmission line. 

15 [0031] For every symbol transmitted using the ex- 
tended system described above, there are two active 
nodes, with the symbol transmitted being represented 
by which of the nodes are active and also the sense of 
current flow in the active two. 

20 [0032] The system of the invention can therefore have 
N nodes where N>=3. In such a system, current can be 
passed from any one of the N nodes and return through 
any one of the N-1 remaining nodes. Therefore the total 
number of symbols (S), distinguished in that way, that 

25 can be transmitted is given by: 

S = N(N - 1) 

30 [0033] The number of bits (B) of information contained 
in one such symbol is given by: 
B = log 2 (S) where log 2 is the logarithm to base 2 
[0034] In general, B will be a non-integer value. The 
transmission system will, in a simple example, be driven 

35 from a data encoder operating on a given number of us- 
able bits (B u ), that number being given by: 
B u = int(B) where int(B) is the integer part of B 
[0035] The number of usable symbols (S u ) is given by: 
S u = 2*" 

40 [0036] There will be a number of unused symbols, 
which may be used for other purposes, for example as 
control signals. One of the unused symbols could be 
used to indicate invalid data; such a symbol may be 
transmitted when there is no data to be transmitted 

45 down a channel but nevertheless it is desired to transmit 
a symbol anyway, for example, so that the receiver 
knows that the channel is working. Another use of a 
spare symbol is to replace the second of a repeated 
symbol to ensure that adjacent symbols are always dif- 

50 ferent. These are useful for transmission links that re- 
quire clock recovery at the receiver end since using such 
a "ditto" symbol D ensures an edge in the transmitted 
data. If a symbol S is repeated several times a sequence 
that can be transmitted is SDSD .... If there is an ex- 

55 tended period of invalid data edges in the data can be 
maintained by transmitting the invalid data symbol alter- 
nately with the ditto symbol. 

[0037] In the N-node system described above, N in- 
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put/output pins are required to convey B u bits of data. 
In a conventional differential system, this would require 
2.B U input/output pins. The ratio of these gives a pin us- 
age factor. This equates to 75% for a 3-node system, 
dropping further to an optimum value of 62.5% for a 
5-node system. For N>5, the pin usage factor generally 
increases although it remains below 100% for N<14. 
[0038] The power dissipation of the data link is con- 
stant, regardless of the number of nodes, since there 
are only ever two active nodes. The relative power dis- 
sipation compared with the distribution of the equivalent 
number of bits using connection differential transmis- 
sion system is given by (1/ B u ). 

[0039] The number of nodes that can be used is re- 
stricted only by the practicability of the physical imple- 
mentation of the transmission system. For most practi- 
cal purposes, it is envisaged that 3, 4 or 5 node systems 
will probably offer the most optimal solutions. 
[0040] Although the system has been described in 
terms of the load resistors those are not an essential 
feature of the invention. Without them symbols transmit- 
ted on a set of three or more conductors may still be 
distinguished by which carries the current in one sense 
and which carries it in the other, or alternatively which 
is at a high voltage and which is at a low voltage. 
[0041] A suitable transmitter for use in an N-node (i. 
e. an N conductor) system in accordance with the 
present invention is shown in Figure 6. That transmitter 
consists of a data encoder 26, that takes the incoming 
data bits {B v ) and generates two sets of control signals 
(C P1 to C Pn and C N1 to C Nn ), and a transmitter, indicated 
generally by the reference numeral 27, that takes the 
control signals and generates a set of outputs (P^ to P n ) 
for transmission. 

[0042] Transmitter 27 comprises current source 28 
and sink 29, PMOS transistors 30 to 32, NMOS transis- 
tors 33 to 35, resistors 36 to 38 and conductors 39 to 
41 . Current source 28 is coupled to the sources of each 
of PMOS transistors 30 to 32, the drains of transistors 
30 to 32 are connected to the drains of NMOS transis- 
tors 33 to 35 respectively and the sources of NMOS tran- 
sistors 33 to 35 are all connected to the current source 
29. The drains of PMOS transistors 30 to 32 and NMOS 
transistors 33 to 35 are also connected to a first terminal 
of resistors 36 to 38 respectively. Second terminals of 
each of resistors 36 to 38 are held at 1 .2V (the common 
mode voltage). The gates of PMOS transistors 30 to 32 
are connected to outputs C P1 , C P2 and C Pn of the data 
encoder 26 respectively and the gates of NMOS tran- 
sistors 33 to 35 are connected to the outputs C N1 , C N2 
and C Nn of the data encoder respectively. 
[0043] One of PMOS transistors 30 to 32 is turned on 
by pulling one of inputs C P1 to C Pn low. Similarly, one of 
NMOS transistors 33 to 35 is turned on by pulling one 
of inputs C N1 to C Nn high. For example with C P1 iow and 
C N2 high (and with C P2 and C PN high and C N1 and C Nn 
low) ; PMOS transistor 30 and NMOS transistor 34 will 
be on, the remaining transistors being off. In those cir- 



cumstances, a current path exists from current source 
28 to resistor 36 via PMOS transistor 30 and from resis- 
tor 37 to current source 29 via NMOS transistor 34. Fur- 
ther, the second terminals of resistors 36 and 37 are 

5 connected so that a current flows from current source 
28 to current sink 29 via those resistors and transistors 
30 and 34. The selection of transistors is made by the 
data encoder 26 selecting which one of signals C P1 to 
C Pn is low and which one of signals C N1 to C Nn is high. 

10 [0044] In the example given above, the output 39 will 
be pulled high (to 1 .4V) and the output 40 will be pulled 
low (to 1 .0V). 

The remaining outputs (in this case only output 41 , but 
in an N-node system there will be N-2 such outputs) be- 

15 ing at 1 .2V (the common mode voltage). Thus the sym- 
bol for transmission is indicated by the active outputs 
(the ones not at the common mode voltage) and the po- 
larity of the active outputs (i.e. which one is above and 
which one is below the common mode voltage). When 

20 a load is connected to the outputs this polarity is of 
course equivalent to the sense of the currents in the two 
active outputs. 

[0045] Figure 7 shows the signals P1 to P3 on con- 
ductors 39 to 41 from a simulation of the circuit of Figure 

25 6 operating at a 500Mb/s data rate based on a 0.35um 
CMOS technology. Initially, P1 is high, P3 is low and P2 
is at the common mode voltage. At 4ns, P3 goes high, 
P2 goes low and P1 moves to the common mode volt- 
age. Finally, after 8ns seconds, P2 goes high, P3 goes 

30 low and P2 moves to the common mode voltage. Thus 
four of the possible six data symbols are shown. 
[0046] Figure 8 shows a circuit capable of receiving 
and decoding the signals transmitted using the transmit- 
ter of Figure 6. The receiver of Figure 8 consists of a 

35 receiver circuit, indicated generally by the reference nu- 
meral 42, and a data decoder 43. The receiver 42 takes 
the outputs P., to P N of the transmitter 27 and generates 
two sets of signals: R P1 to R PN and R N1 to R NN . Data 
decoder 43 takes the signals R P1 to R PN and R N1 to R NN 

40 and regenerates the data signal B u transmitted by the 
transmitter 27. 

[0047] Receiver 42 comprises sub-circuits 44 and 44'. 
Sub-circuit 44 comprises current source 45, PMOS tran- 
sistors 46 to 48, current sources 49 to 51 and generates 

^5 the signals R P1 to R PN . 

[0048] Current source 45 provides a current I and is 
coupled to the source of each of PMOS transistors 46 
to 48. The drains of PMOS transistors 46 to 48 are cou- 
pled to current sources 49 to 51 respectively, each of 

50 those current sources providing a current l/N. The gates 
of PMOS transistors 46 to 48 are connected to the P 1f 
P 2 and P N inputs respectively. The sources of PMOS 
transistors 46 to 48 provide the signals R P1 to R PN re- 
spectively. 

55 [0049] Sub-circuit 44' comprises current sources 52 
to 54, NMOS transistors 55 to 57, current source 58 and 
generates the signals R N1 to R NN . 
[0050] Current sources 52 to 54 each have a value \l 
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N and are coupled to the drains of NMOS transistors 55 
to 57 respectively. The sources of NMOS transistors 55 
to 57 are each coupled to current source 58. that current 
source having a value N. The gates of NMOS transistors 
55 to 57 are connected to the P t , P 2 and P N inputs re- 
spectively. The drains of NMOS transistors 55 to 57 pro- 
vide the signals R N1 to R NN respectively. 
[0051] Assume for example that P 1 is high, P 2 is low 
and P N is at the common mode voltage. In sub-circuit 
44, the gates of PMOS transistors 46 to 48 will be at 
1.4V, 1.0V and 1.2V. The transistors are designed with 
sufficient gain so that under those circumstances, the 
transistor with the lowest input voltage, transistor 47, will 
conduct the majority of the current, the other transistors 
46 and 48 becoming substantially turned off. Thus out- 
put R P2 is pulled high via transistor 47 and outputs R P1 
and R PN are low . Similarly, in sub-circuit 44\ the gates 
of NMOS transistors 55 to 57 will be at 1 .4V, 1 .0V and 
1.2V respectively. Those transistors are designed so 
that, in those circumstances, only transistor 55 is turned 
on. Thus output R N1 will be low and outputs R N2 and 
R NN will be high. 

[0052] The output of the first sub-circuit 44 that is high 
indicates which of PMOS transistors 30 to 32 in the 
transmitter of Figure 6 was turned on. Similarly, the out- 
put of the second sub-circuit 44' that is low indicates 
which of NMOS transistors 33 to 35 in the transmitter of 
Figure 6 was turned on. The decoder 43 decodes this 
information to regenerate the data transmitted by the 
transmitter. Alternative implementations of the transmit- 
ter and the receiver are within the scope of the invention. 
For example, the receiver of Figure 8 could be replaced 
with a number of comparators connected between each 
of the signal lines P-, to P n , the comparator outputs being 
decoded to identify the signal lines with the highest and 
lowest voltages and hence decoding the symbol trans- 
mitted. For systems with N>4, there will be more than 
one line at the common mode voltage, the comparators 
operation on these signals will consequently not pro- 
duce a reliable output. The output of such comparators 
would, however, correspond to "don't care" conditions 
in the decode logic. 

[0053] In the analysis above of the number of usable 
bits (B u ) that can be encoded by the invention it was 
assumed that a set of bits are encoded into a single sym- 
bol. It is possible, however, to encode a set of bits into 
several symbols, which may in some cases result in 
more efficient usage. For example two symbols in a 
3-node system can encode 6x6=36 states, which may 
be used to encode 5 bits of data, with four states left 
over. If those symbols were used alone each would only 
be able to encode 2 bits, making a total of only 4 bits 
represented. 

[0054] In the above examples the symbols transmit- 
ted have been represented by a constant voltage or cur- 
rent signal. It is within the scope of the invention to rep- 
resent a symbol as varying signals, for example, con- 
taining edges or transitions, as is known for many other 



data transmission schemes. 

[0055] In the above examples, two transmission lines, 
or nodes, are active and it is possible to distinguish be- 
tween them, as denoted by the arrows in Figures 3 and 

5 4, thus allowing two symbols to be distinguished for 
each active pair of lines. In a more general version of 
the invention however no distinction is made between 
the active lines. This halves the number of symbols 
available but means that identical signals may be used 

10 on the active lines. In one example a symbol is repre- 
sented by a few cycles of a sinusoid transmitted by a 
differential driver to the active lines. The receiver, how- 
ever, is only responsive to the presence of a sinusoidal 
waveform of the appropriate frequency and not the 

15 phase difference of that on the two active lines. 



Claims 

20 1 . A signal for transmitting symbols on a set of at least 
three parallel channels, the signal comprising for 
each symbol an active signal on each of two of 
those channels and an inactive signal on the re- 
maining channel or channels, the symbols being 

25 distinguishable by which two of the channels have 
the active signals. 

2. A signal as claimed in claim 2 wherein the two active 
signals are of different form allowing them to be dis- 

30 tinguished from each other, the symbols being fur- 
ther distinguishable thereby. 

3. A signal as claimed in claim 2 wherein one of the 
active signals is an electrical signal at a first voltage 

35 level and the other is an electrical signal at a second 
voltage level. 

4. A signal as claimed in claim 3 wherein the inactive 
signal or signals is an electrical signal at a voltage 

40 level intermediate to the first and second voltage 
levels. 

5. A signal as claimed in claim 4 wherein the inactive 
signal is at a voltage level substantially half-way be- 

45 tween the first and second voltage levels. 

6. A signal as claimed in claim 2 wherein one of the 
active signals is provided as a current of a first 
sense and the other active signal as a current of a 

50 second sense, the first and second sense being op- 
posite to each other. 

7. A signal as claimed in claim 6 wherein the inactive 
signal has a current that is substantially zero. 

55 

8. An encoder for transmitting data symbols from a set 
of at least three terminals, the encoder being ar- 
ranged to provide for each of the symbols an active 
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signal on two of the terminals of the set while pro- 
viding an inactive signal on the remaining terminal 
or terminals of the set. 

9. An encoder as claimed in claim 8 wherein the en- 
coder is arranged to provide the two active signals 
in different form allowing them to be distinguished 
from each other. 

10. An encoder as claimed in claim 9 arranged to pro- 
vide one of the active signals as an electrical signal 
at a first voltage level and the other active signal as 
an electrical signal at a second different voltage lev- 
el. 

1 1 . An encoder as claimed in claim 1 0 arranged to pro- 
vide the inactive signal or signals as an electrical 
signal at a voltage level intermediate to the first and 
second voltage levels of the active signals. 

12. An encoder as claimed in claim 11 wherein the in- 
active signal is at a voltage level substantially half- 
way between the first and second voltage levels. 

13. An encoder as claimed in claim 9 arranged to pro- 
vide one of the active signals as current of a first 
sense and the other active signal as a current of a 
second sense, the first and second senses being 
opposite to one another. 

14. An encoder as claimed in claim 13 wherein the in- 
active signal or signals are provided by not actively 
providing a current signal on the remaining terminal 
or terminals. 

15. An encoder as claimed in any one of claims 9 to 14 
comprising first and second sets of switches, one 
switch from each of the first and second sets being 
connected to a respective one of the terminals, the 
encoder being arranged to activate a selected one 
of the first set of switches in order to provide one of 
the active signals on the terminal to which that 
switch is connected and the encoder arranged to 
activate a selected one of the second set of switch- 
es in order to provide the other active signal on a 
terminal to which that switch is connected. 

16. An encoder as claimed in claim 15 wherein the re- 
maining switches are inactive in order to provide an 
inactive signal on the or each remaining terminal. 

17. An encoder as claimed in claim 15 or claim 16 
wherein each switch in the first set of switches is 
coupled to a first voltage level and each switch in 
the second set of switches is coupled to a second 
voltage level. 

18. An encoder as claimed in claim 15 or claim 16 



wherein each switch in the first set of switches is 
coupled to a first current source and each switch in 
the second set of switches is coupled to a second 
current source. 

5 

19. An encoder as claimed in any one of claims 1 5 to 1 8 
wherein each terminal of the encoder is coupled, 
via a resistor, to a common node. 

10 20. An encoder as claimed in claim 19 wherein the com- 
mon node is at a/the voltage level intermediate to 
the voltage levels on the terminals carrying the first 
and second active signals. 

*5 21. A decoder for receiving data symbols presented at 
a set of at least three terminals, the decoder being 
arranged to detect which two of the terminals have 
an active signal and to identify in response which 
symbol is being received. 

20 

22. A decoder as claimed in claim 21 wherein the de- 
coder is further arranged to detect which of the two 
active signals is of a first form and which is of a sec- 
ond form, and to use that information in said iden- 

25 tification of the symbol received. 

23. A decoder as claimed in claim 22 arranged to detect 
which of said terminals is at a first active voltage 
level and which of said terminals is at a second ac- 

30 tive voltage, that information being used in said 
identification of the symbol received. 

24. A decoder as claimed in claim 23 arranged to com- 
pare the voltage levels on the terminals with a ref- 

35 erence voltage. 

25. A decoder as claimed in claim 24 comprising: 

a first receiver sub-circuit; 
40 a second receiver sub-circuit; 

a data decoder; 
a data output, 

wherein: 

45 

the first receiver sub-circuit has a respective 
switching element for each of the said terminals 
controlled by the signal on that terminal provid- 
ing a respective output, each output of the first 
50 receiver sub-circuit indicating when the termi- 

nal controlling the switching element is at a first 
voltage level; 

the second receiver sub-circuit has a respec- 
tive switching element for each of the said ter- 
55 minals controlled by the signal on that terminal 

providing a respective output, each output of 
the second receiver sub-circuit indicting when 
the terminal controlling the switching element 
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is at a second voltage level; and 
the output of the first and second receiver sub- 
circuits are coupled to inputs of the data decod- 
er, the data decoder is arranged to determine 
the data symbol transmitted in response to 5 
which outputs of the first and second receiver 
sub-circuits indicate the presence of the first 
and second voltage levels and to indicate that 
data symbol at the data output. 

10 

26. A decoder as claimed in claim 23 arranged to detect 
said first and second active voltage levels by com- 
paring voltage levels on the terminals with each oth- 
er, the terminal with the first active voltage level be- 
ing identified as the one with the highest voltage and 15 
the terminal with the second active voltage level be- 
ing identified as the one with the lowest voltage. 

27. A decoder as claimed in claim 22 arranged to detect 
which of the terminals is receiving a current in a first 20 
sense and which is receiving a current in the oppo- 
site sense, that information being used in said iden- 
tification of the symbol received. 

28. A system comprising an encoder as claimed in any 25 
one of claims 8 to 20 and a decoder as claimed in 
any one of claims 21 to 27 as appropriate. 

29. A method of transmitting data comprising encoding 

it as a series of symbols using the signal claimed in 30 
any one of claims 1 to 7. 
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(54) Data communication using combinations of lines 



(57) A signalling system utilising three or more con- 
ductors to convey symbols between an encoder and a 
decoder is disclosed. For each symbol a forward current 
or signal is transmitted down one of the wires and a re- 
verse current is transmitted down one of the others. The 
other wires are held having no signal transmitted on 
them. The symbols are distinguished by which two con- 
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ductors have signals on them and by the sense of those 
signals. The system may be used to transmit data in the 
form of binary bits by taking a set of n binary bits and 
converting them to one of 2 A n of the available symbols. 
The number of symbols available is generally not an ex- 
act power of two and spare symbols are used to convey 
other information along the wires, for example, that no 
valid data is being transmitted at the present time. 
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